A polymerase chain reaction (PCR)-generated digoxigenin-labeled nonradioactive oligonucleotide probe was developed and utilized in slot-blot hybridization coupled with chemiluminescence for the detection of infectious bursal disease virus (IBDV). The probe was prepared from the RNA of the standard challenge strain (STC) of IBDV serotype 1 by reverse transcription followed by 2 PCR amplifications with 2 separate sets of primers. RNA of STC viruses prepared from bursae infected with STC viruses was subjected to the first PCR with the outer primers V8 and V9 that amplified a 607-base pair (bp) segment. The PCR product from the first PCR was eluted following agarose gel electrophoresis and subjected to the second PCR with the nested primers V6 and V7 that flanked a 351-bp segment. In the second PCR, dTTP was substituted by digoxigenin-11-dUTP in the PCR reaction mixture so that the amplified 351-bp DNA products were labeled with digoxigenin. The specificity of the PCR-generated digoxigenin-labeled probe was tested on different strains of IBDV, several unrelated avian viruses, and bacteria by slot-blot hybridization assay. Hybridization was detected by chemiluminescence. The sensitivity of the probe was assayed using lo-fold serial dilutions of purified RNA from the STC strain of IBDV. The PCR-generated digoxigenin-labeled probe hybridized with genomic RNA of STC and variant strains A, D, E, G, and GLS-5 of IBDV serotype 1 but not OH strain of IBDV serotype 2. The probe did not react with avian reovirus, infectious bronchitis virus, Salmonella enteritidis, Escherichia coli, or Staphylococcus aureus. The probe was very sensitive, and as little as 72 fg of RNA from the STC strain of IBDV could be detected. The results indicate that this PCR-generated digoxigenin-labeled nonisotopic probe is specific for IBDV and may be utilized in a diagnostic assay for all IBDV serotype 1 strains.
Infectious bursal disease (IBD), also known as Gumboro disease, is a highly immunosuppressive disease of young chickens. 22 Infectious bursal disease virus (IBDV) is a member of the Bimaviridae and contains a double-stranded RNA (dsRNA) genome. 4 The viral dsRNA is bisegmented; the large RNA segment is 3,400 base pairs (bp) in length and has a molecular weight of 2.06 x 10 6 , and the small RNA segment is 2,900 bp in length and has a molecular weight of 1.76 x 10 6 . 24 The virus has an icosahedral-shaped nonenveloped capsid that is 58-60 nm in diameter. 25 Infectious bursal disease virus has 4 viral proteins: VP1 (90 kD) coded by the segment B of IBDV and believed to be a viral dsRNA-dependent RNA polymerase, and VP2 (41 kD), VP3 (32 kD), and VP4 (28 kD), coded by the only serotype 1 viruses are pathogenic to chickens. 10 For the diagnosis of IBD and detection of IBDV, various assays have been used, such as immunofluorescence test, 1 electron microscopy, 23 agar gel precipitin test, 8 virus neutralization test, and virus isolation. 22 Biotin-labeled 13 and isotope-labeled complementary (c) DNA probes have also been used; however, sensitivities of the isotope-labeled probe were low and only 0.1-0.2 ng of RNA was detected. 3, 12 Recently, the polymerase chain reaction (PCR) method was applied to the detection of IBDV and resulted in a very sensitive assay. 29 The nucleic acid hybridization test is becoming a very common diagnostic tool in the detection of infectious agents. In this procedure, nucleic acid probes segment A.22 VP2 and VP3 are the structural proteins specific to the genomic sequences of microorganisms of IBDV and make up the shell of the virus. VP4 was are usually labeled with isotopes, and the hybridization thought to be a viral protease. 17 Infectious bursal dis-is detected by autoradiography. Health hazards, high ease virus has 2 serotypes (1 and 2), which can be costs, instability, and disposal problems associated with differentiated by virus neutralization tests.
14 Despite the use of radioactive detection systems in nucleic acid the fact that both serotypes are infectious to chickens, hybridization reactions have led to the search for nonradioactive labeling methods and reporter molecules. Biotinylated nucleic acid probes, 13 bursae were detected with an in situ hybridization by using cloned digoxigenin-labeled genomic probes. 15 These probes were produced for both segments of dsRNA of IBDV and used together to visualize the infected cells. However, the production of these kinds of probes was lengthy, and the probes contained cloning vector sequences that reduced the overall specificity of the hybridazition assays. The ease and advantages of using PCR in nonradioactive labeling reactions of short DNA sequences for use as probes in hybridization reactions have been shown. 5, 19 PCR-generated nonradiolabeled probes are homogeneous in size and can be produced simultaneously in high quantities. Moreover, their production is very simple and convenient, unlike production of cloned probes.
In the present study, PCR was used to incorporate digoxigenin into final amplification products for the generation of digoxigenin-labeled nonradioactive probes that may be used in slot-blot hybridization in conjunction with chemiluminescence to detect IBDV.
Materials and methods

Infectious bursal disease virus
Seven IBDV serotype 1 strains were used in the present study: 1 standard challenge strain (STC), 5 variant strains (A, D, E, G, and GLS-5 a ), and 1 serotype 2 strain (OH strain). Strains STC, A, D, E, G, and GLS-5 were propagated in specific-pathogen-free chickens b that were reared in modified Horsfall-Bauer units until 3 weeks old. The chickens were orally inoculated with 1 x 10 5.6 EID 50 viruses of the appropriate strain. Three days postinoculation, the chickens were killed and bursae were aseptically removed and kept on dry ice. Bursae were immediately frozen at -70 C until used. The OH strain of IBDV serotype 2 was propagated in baby grivet monkey kidney (BGM-70) cells, as described in a previous report.
11
RNA extraction
Nucleic acids were extracted from bursae or BGM-70 cells by a modified method. 2 Bursae or BGM-70 cells were homogenized on ice in 1 ml of a denaturation solution containing 4 M guanidium thiocyanate, c 25 mM sodium citrate, pH 7.0, 0.5% sarcosyl, and 0.1 M 2-mercaptoethanol (added to the denaturation solution prior to use). After the addition of each reagent, 0.1 ml of water-saturated phenol and 0.2 ml of chloroform-isoamyl alcohol (49: 1) were stirred into the homogenate. The mixture was vortexed for 10 sec and incubated on ice for 15 min before being centrifuged at 10,000 x g for 20 min at 4 C. Two volumes of 100% ethanol were then added to the aqueous phase, and the mixture was placed into a -20 C freezer for 1 hr to precipitate RNA. Following centrifugation at 10,000 x g for 20 min at 4 C, the pellet containing RNA was dissolved in the tube with 1 ml of the denaturation solution. RNA was reprecipitated with 100% ethanol at 4 C and repelleted. The pellet was washed with 70% ethanol to remove the final traces of the denaturation solution. The ethanol was removed, and RNA was either dissolved in 50 µ1 of sterile diethylpyrocarbonate (DEPC)-treated water or stored in 70% ethanol at -70 C. The purity of RNA was analyzed by 1% agarose gel electrophoresis (70 V, 1 hr) and ethidium bromide staining. The amount of RNA was quantified by a spectrophotometeti at 260 nm ultraviolet absorbance.
Generation of hybridization probe
Reverse transcription of the dsRNA of IBDV was performed using STC RNA as a template for Moloney murine leukemia virus (MMLV) reverse transcriptase e in a 20-µ1 reaction mixture. 2 9 RNA in a 0.5-ml microfuge tube containing 1 µ1 of random hexanucleotides e (30 ng/µl) and 4 µ1 of sterile DEPC-treated water was denaturated in a boiling water bath for 5 min and was immediately placed on ice for 1 min. The mixture was subsequently incubated in a 37 C water bath for 1 min, and 10 µ1 of 2 x cDNA buffer (0.5 M Tris, pH 8.3; 0.75 M KCl; 30 mM MgCL 2 ; 100 mM dithiothreitol; and 5 mM each of the four deoxynucleotide triphosphates [dNTP], dATP, dGTP, dCTP, dTTP) was added along with 1 µ1 (200 units) of MMLV reverse transcriptase. The reaction mixture was placed into a 37 C water bath for 60 min. Additional 0.5 µ1 of the reverse transcriptase was added halfway through the incubation. The products of the reverse transcription were either used immediately in the PCR amplification or placed into a -70 C freezer.
To generate the probe, 2 PCR amplifications using 2 sets of primers, primers 8 and 9 (V8, V9) and primers 6 and 7 (V6, V7), were used. All 4 primers were designed by Dr. C. C. Wu from the published cDNA sequence of STC strain of IBDVJ The outer primers, V8 and V9, amplified a 607-bp region between nucleotides 615 and 1221. The primers V6 and V7 were nested primers and flanked a 351-bp region between nucleotides 772 and 1122. The sequences and locations of the primers f are presented in Table 1 . The PCR was performed using a modified procedure.
26,29 For the first PCR, 100 µ1 of reaction mixture was prepared. The mixture contained 5 µ1 of cDNA reaction product, 0.2 mM of each dNTP, 1 µl (300 ng/µl) of each primer (V8 and V9), 10 µ1 of 10 x PCR buffer (0.1 M Tris-HCl, pH 9.0; 0.5 M KCl; 15 mM MgCl,; 1% Triton X 100; 0.1% gelatin), and 10% dimethyl sulphoxide (DMSO).
c This mixture was incubated at 100 C for 3 min and then cooled to 45 C for 1 min. Then 1 µ1 (5 units) of Taq DNA polymerase g was added to the reaction mixture along with 50 µ1 of sterile mineral oil.
c The final reaction mixture was subjected to 30 cycles of amplification in a programmable thermal cycler.
h Each cycle consisted of 1 min at 70 C for primer extension, 1 min at 93.5 C for denaturation, and 1 min at 45 C for primer annealing. A final extension step of 5 min at 70 C was also included. A PCR mixture with cDNA products of uninfected bursal RNA and 2 reaction mixtures without templates or primers and Taq DNA polymerase served as negative controls. The PCR products were electrophoresed on a 4% agarose gel i for 1 hr with 70 V in a minigel apparatusi along with a DNA ladder% and were visualized under long-wave ultraviolet light after staining with ethidium bromide (1 &ml).
The electrophoresed fragment was excised from the agarose and placed at -20 C overnight. The fragment was then spin eluted. A slice of the agarose was placed into a 0.5-ml microfuge tube packed with sterile siliconized glass wool. Four small holes were made around the bottom of the tube, and the tube was placed into another 1.5-ml sterile microfuge tube that had been decapped. The whole system was centrifuged at 10,000 x g for 3 min, and the fragment was recovered into a new microfuge tube. Five volumes of n-butanol were then added to the eluate, which was recentrifuged, and a phenol-chloroform-isoamyl alcohol extraction (25:24:1) was performed. 27 The final extract containing the fragment was subjected to 100% ethanol precipitation at -20 C for 2 hr and was precipitated by centrifugation at 12,000 x g for 20 min. The pellet was washed with 75% ethanol and resuspended with 50 µ1 of sterile water.
In the second PCR, 5 µ1 of the eluted first PCR-amplified fragment was used as the target sequence. The second PCR was carried out in 50 µ1 of reaction mixture for 35 cycles of amplification as described above. In this reaction, the concentration of each dNTP was 1 mM. Digoxigenin-11-dUTPk at 0.35 mM was also added to the reaction mixture; the concentration of the dTTP was 0.65 mM. The annealing temperature for the second PCR was 47 C. The concentration of the second PCR amplification products labeled with digoxigenin-11-dUTP was quantified by a spectrophotometee at 260 nm, adjusted to 0.9 µg DNA/µ1, and these products were used as probes in slot-blot hybridization reactions.
hybridization procedures given by the manufacturer of nonradioactive nucleic acid labeling and detection kit k were followed. Prehybridization and hybridization solutions contained 50% deionized formamide, 5 x SSC, 0.1% N-laurylsarcosine, 0.02% sodium dodecyl sulfate (SDS), and 5% blocking reagent.
k The membranes were prehybridized with 20 ml of the hybridization solution at 42 C for 1 hr by gently mixing the solution in a shaker water bath. Following prehybridization, the solution was replaced with 2.5 ml of the hybridization solution containing freshly denaturated digoxigenin-labeled probes (10 ng/ml). The probes were denaturated by incubation in a 98 C water bath for 10 min and placed on ice for 1 min. The membranes with hybridization solution were incubated at 42 C for 10 hr in a shaker water bath and then washed with the following solutions to remove unspecifically bound probes: twice with 5 x SSC at room temperature for 15 min each time, once with 0.1% SDS at room temperature for 15 min, twice with 0.1 x SSC at room temperature for 15 min, and once with 0.1% SDS at hybridization temperature (42 C) for 15 min. The membranes were air dried and either stored in a sealed plastic bag at 4 C or used in the detection step.
Slot-blot hybridization
Hybridization times of 1, 3, 5, 10, and 16 hr were also tested. These hybridizations were performed as described above except that the probe concentrations were 40 ng/ml of the hybridization solution. Sample blotting. Slot blotting was performed using a multiwell filtration manifold e on Hybond-N nylon membranes 1 according to the protocol given by the manufacturer. Ten microliters of the nucleic acid extracts was denaturated with 3 volumes of the following solution: 500 µ1 formamide, 162 µ1 formaldehyde (from 37% stock), and 100 µ1 10 x MOPS buffer (0.2 M 3-[n-morpholino]-propane-sulfonic acid, c 0.05 M sodium acetate, pH 7.0, 0.01 M disodium-ethylenediaminetetraacetic acid). The mixtures were incubated at 68 C for 10 min and immediately chilled on ice for 1 min. One volume of cold 20 x SSC (3 M NaCl, 0.03 M sodium citrate, pH 7.0) was then added. The membranes were placed in the blotting apparatus on a layer of Whatman 3MM paper saturated with 10 x SSC. Wells of the slot-blot apparatus were Chemiluminescent detection. For the chemiluminescent detection of the hybridization reaction, a method described in a recent report was used. 9 The membranes were briefly washed in a washing buffer containing 0.1 M maleic acid, 0.15 M NaCl, pH 7.5 (maleate buffer), and 0.3% Tween 20 (w/v) for 3 min and blocked with 50 ml of blocking solution for 30 min. Membranes were then incubated in 20 ml of the blocking buffer containing 75 mUnit/ml of anti-digoxigenin alkaline phosphate conjugate k for 30 min. After washing twice for 15 min with 50 ml of washing buffer to remove unbound conjugate, membranes were equilibrated with a buffer (equilibration buffer) containing 0.1 M Tris-HCl, 0.1 M NaCl, and 0.05 M MgCl 2 , pH 9.5, at 20 C. A 10-ml chemiluminescent solution was prepared by diluting stock solution of Lumirinsed with 20 x SSC. Fifty microliters of the nucleic acid Phos 530 k in equilibration buffer (0.1 mg/ml), and the memsamples was dispensed into the wells under vacuum, and 400 branes were incubated in this solution at room temperature µ1 of 20x SSC was subsequently passed through the mem-for 5 min while being shaken. The solution was removed, branes to rinse the wells under vacuum. The nucleic acids and the membranes were briefly blotted on dry filter paper were fixed to the nylon membrane by cross-linking with a and were placed in a 37 C incubator for 10 min. Finally, they hand-held 366-nm transilluminater m for 3 min. were placed in a plastic hybridization bag and fixed in an Prehybridization and hybridization. Prehybridization and autoradiography cassette with a sheet of autoradiography film.
n After the addition of the chemiluminescent substrate 3-[4-methoxyspiro ( 
Specificity
To assess the specificity of the PCR-generated digoxigeninlabeled probes to IBDV, nucleic acids from different IBDV strains, infectious bronchitis virus, p coli, uninfected bursae, and uninfected BGM-70 cells were extracted as described previously.
Sensitivity
RNA from the STC strain of IBDV was extracted as described above and purified by precipitation with 4 M LiCl. RNA of STC was quantified by a spectrophotometer. d To evaluate the sensitivity of the PCR-generated digoxigeninlabeled probes for IBDV in slot-blot hybridization, lo-fold serial dilutions of STC RNA were made from 72 ng to 7.2 fg concentrations. Each concentration was subjected to the hybridization reactions with the probes as described above.
Application of hybridization probe to field samples
Three IBDV-infected bursae and 1 uninfected bursa were obtained from an outbreak of IBD in the field. The original diagnosis was based on virus isolation. RNA was extracted from these bursae by the procedures described previously. Bursae were also homogenated in a denaturation solution, with no further purification. Both extracted RNA from bursae and crude bursal homogenates were slot blotted onto the nylon membranes and hybridized with the PCR-generated digoxigenin-labeled probes as described previously.
Results
PCR amplification and probe generation.
The oligonucleotide primers V8 and V9 amplified a 607-bp segment of DNA from the STC strain of IBDV in the first PCR. A single band of DNA of the expected size, 607 bp, from the STC strain of IBDV was seen after agarose gel electrophoresis and ethidium-bromide staining (Fig. 1) . In the second PCR, the nested primers V6 and V7 directed the synthesis of a 351-bp segment of DNA using the products obtained from the first PCR as the target templates. With the substitution of dTTP by digoxigenin-11-dUTP, an IBDV-specific digoxigenin-labeled probe was successfully generated in the second PCR. A single band of STC DNA of the expected size, 351 bp, was observed after agarose gel electrophoresis and ethidium-bromide staining (Fig. 1) . The identities of all PCR products were confirmed by either direct sequencing or Southern blot analysis (data not shown).
Specificity. RNA prepared from the strains STC, A, D, E, G, and GLS-5 of IBDV serotype 1 was detected by slot-blot hybridization with the PCR-generated digoxigenin-labeled probe coupled with chemiluminescence (Fig. 2) . However, this probe did not hybridize with nucleic acids prepared from strain OH of IBDV serotype 2, infectious bronchitis virus, reovirus, E. coli, Salmonella enteritidis, Staphylococcus aureus, uninfected bursae, and uninfected BGM cells (Figs. 2, 3) .
Sensitivity. PCR-generated digoxigenin-labeled probe was very sensitive and could detect serially diluted viral RNA from the strain STC of IBDV up to 72 fg in a slot-blot hybridization with chemiluminescence (Fig. 4) .
Hybridization and chemiluminescent detection. Although the best hybridization signal detected by chemiluminescence was achieved with 10 hours of hybridization, 5 hours of hybridization gave a very clear positive signal over a very faint background. No signal was obtained from hybridization for 1 and 3 hours. Hybridization for 16 hours produced a very dark background.
Fifteen minutes exposure of the blots to X-ray film consistently produced very clear positive signal. The longer the exposure time (30 minutes, 1 hour, 2 hours, and 3 hours), the stronger the intensity of the positive signals generated; however, varying levels of background noise were observed at the end of these exposures.
All hybridization reactions and chemiluminescent detections were repeated 3 times with consistent results.
Application of hybridization probe to field samples. Infectious bursal disease virus RNA or crude bursal homogenate of bursae infected with IBDV obtained from the field was detected by slot-blot hybridization with the PCR-generated digoxigenin-labeled probe and chemiluminescence (Fig. 5) .
Discussion
The first aim of the present study was to use PCRamplification to generate a digoxigenin-labeled DNA probe for the detection of IBDV. The second goal was to use this probe in a slot-blot hybridization assay coupled with a chemiluminescent detection system to identify IBDV. (7) with the probe occurred.
In the present study, a digoxigenin-labeled DNA probe was generated from RNA of the STC strain of IBDV by 2 PCR amplifications using 2 sets of different primers, 1 set as the nested primers of the outer set. This probe used in slot-blot hybridization and direct chemiluminescence detected various strains of IBDV serotype 1 but did not detect the OH strain of IBDV serotype 2, several unrelated avian viruses, and bacteria. Thus, the PCR-generated digoxigenin-labeled probe was relatively specific for IBDV and could be used to differentiate IBDV from other infections in chickens.
The convenience, simplicity, and efficiency of using the PCR to generate nonradiolabeled probes for the detection of various nucleotide sequences have been reviewed by many researchers. 5, 19, 21 Isotope-labeled cDNA probes have been widely used for the detection of IBDV; 3, 12 however, this method usually required highly purified IBDV RNA and was labor intensive and time consuming. Radiolabeled probes have slightly higher specificity and sensitivity than nonradiolabeled probes, 7 but their numerous disadvantages, such as being expensive, short-lived, and hazardous, reduce their use in routine laboratory assays.
Biotin is commonly used for nonradioactive labeling. However, it is present in liver, kidney, and other tissues and can interfere with nucleic acid detection. Digoxigenin is a cardiac glycoside derived from digoxin and is extracted from Digitalis plants. It can be used as a labeling molecule because, unlike biotin, it is not found in animal tissues under normal conditions. In addition, digoxigenin-labeled probes, unlike isotope-labeled probes, can be stored at -20 C for up to 1 year without significant loss of their properties.
Chemiluminescent detection is highly efficient and sensitive and the detection can be made immediately after hybridization. 19 The use of nonradioactive labeling and a chemiluminescent detection system has many advantages over radioactive labeling and a radiographic detection system. Contrary to radioactive reporter signals, chemiluminescence lasts up to 20 days without a significant change in intensity. In addition, the sensitivity of chemiluminescent detection increases as the exposure time is prolonged. However, if the signal intensity is very high, the exposure time may be reduced to a minimum of 5 minutes.
The incorporation of the digoxigenin into the PCR reaction mixture changed the migration pattern of the PCR product labeled with digoxigenin in agarose gel electrophoresis (Fig. 1, lane 6 ). This retardation in mobility of the PCR-generated digoxigenin-labeled probe was also reported previously and is affected by the concentration of the incorporated label. 19 As the amount of label increases the retardation is more prominent. Dimethyl sulfoxide prevents reannealing of template strands of dsDNA and reduces background by preventing secondary structure formation. 28 It also eliminates mispriming in a PCR. In addition, the inclusion of 10% DMSO in the PCR mixture enhanced the intensity of the signal observed by ethidium-bromide staining and agarose gel electrophoresis, supporting previous findings. 6, 28 In the present study, the addition of 10% DMSO increased the efficiency of the PCR amplification as well; therefore, DMSO was always added to the reaction mixture.
In the first PCR reaction, primers V8 and V9 did not anneal to the cDNA sequences from the uninfected control, indicating that a 607-bp fragment was specifically amplified from the STC cDNA rather than from either contaminating genomic DNA or contaminated reagents. Differences in the recognition of different IBDV RNAs were seen; however, the probe did not recognize the nucleic acid of the OH strain. The identity of the sequence amplified with primers V8 and V9 was further confirmed by the second PCR reaction using nested primers V6 and V7.
The oligonucleotide primers used in the study were located within VP2 sequences of STC cDNA. According to results of virus neutralization tests with monoclonal antibodies raised to VP2, this region is responsible for both serotype and strain specificity and is highly conserved among IBDV serotype 1 strains. 16 The conformation-dependent epitope of VP2 contains the most amino acid variations among IBDV serotype 1 strains; 18 therefore, oligonucleotide primers designed from this region may differentiate different IBDV strains. Under high-stringency conditions, this PCRgenerated digoxigenin-labeled probe may be able to differentiate different strains of IBDV serotype 1.
Because the probe could detect very small amounts of RNA (femtograms), there is no need to make cDNA for hybridization. Exclusion of the cDNA step has several advantages, such as the elimination of labor-intensive procedures and time-consuming steps for RNA purification and reverse transcription. Although the method for RNA extraction used in the present study is very simple and gives highly reproducible yields of RNA in a very short period, it may not be required for slot-blot hybridization assay. Bursal samples may be homogenized in a denaturation solution and used in the hybridization reaction. Moreover, hybridization with the probe in high concentrations for 5 hours may be used instead of hybridization for 10 or 12 hours. Furthermore, there was no need to purify the probe because unincorporated labels and primers do not interfere with hybridization and the primers may serve as a nonspecific blocking agent. 5 These procedural modifications significantly reduce the time and labor needed for the hybridization assay.
